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Figure 1. Structures of phthalimide- and dithiocarbamate-based biologica
compounds.
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Regioselective ring-opening of the N-(2,3-epoxypropyl)phthalimide with in situ prepared dithiocarbamic
acid in water is reported for the synthesis of a new family of a-phthalimido-a0-dithiocarbamato propan-
2-ols. The present method is simple, EtOAc is used for work-ups and affords excellent yield of products.

� 2014 Elsevier Ltd. All rights reserved.
In recent years, many attempts have been made to synthesize
substituted a,a0-substituted propan-2-ol derivatives. These com-
pounds demonstrate various pharmacological activities in the
areas of drug development such as antibacterial, antimicrobial,
antiplasmodial, antioxidant, and antimalarial agents.1 Moreover,
they often constitute key synthons in the preparation of biologically
active compounds.2 Among the various types of a,a0-substituted
propan-2-ols, it is well documented that the a-amino-a0-dithio-
carbamato propan-2-ols (Fig. 1) have biological applications as
spermicidal, antifungal, and antitrichomonas agents and as safe
pesticides.3 Also, these compounds can be considered as glycerol
analogs with a sulfur atom in position 1 and nitrogen atom in posi-
tion 3 which have been confirmed to have various biological activ-
ities.4 The dithiocarbamate group is a valuable pharmacophore
that induces various biological activities when incorporated in a
particular structure.3,5 They constitute a large family of herbicides,
fungicides, and pesticides in agriculture and several compounds of
this category such as Zineb, Maneb, Nabam, ziram, and Ferbam
have been commercialized.6 Also, they were extensively used as
sulfur vulcanization agents in rubber manufacture,7 and radical
chain transfer agents in reversible addition-fragmentation chain-
transfer (RAFT) polymerizations.8 Furthermore, they have been
used as versatile synthetic intermediates for the preparation of
thioureas,9 isothiocyanates,10 2-imino-1,3-dithiolanes,11 cyana-
mides,12 heterocyclic rings,13 the protection of aldehydes,14 amide
bond formation,15 and protection of amino groups in peptide syn-
thesis.16 The classical synthesis of dithiocarbamates involves the
use of thiophosgene and an isothiocyanate which are costly and
toxic reagents.17 Several efficient procedures for the synthesis of
these compounds have been developed by our group and others
to overcome most of the drawbacks associated with the classical
methods by using the direct condensation of amines, carbon disul-
fide, and electrophiles such as alkyl halides, activated alkenes, car-
bonyl compounds, and epoxides.18

The phthalimide group is present as the pharmacophoric
moiety in the structure of many biologically active compounds.
Compounds containing the phthalimide group have shown anti-
inflammatory and anti-angiogenic properties, and have been intro-
duced as potential candidates in the treatment of HIV and cancer.19

The phthalimide fungicides such as captan, captafol, and folpet are
lly active
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the most applied surface protectants for control of plant patho-
genic fungi.20 In addition, phosmet is a phthalimide-derived orga-
nophosphate insecticide used on plants and animals (Fig. 1).21

These observations prompted us to introduce an efficient proce-
dure for the synthesis of a new family of a,a0-substituted propan-
2-ols containing both a dithiocarbamate and a phthalimide moiety,
as potential biologically active compounds, via a one-pot, three-
component ring-opening of epoxides in water.

The use of hazardous and toxic solvents in chemical processes is
considered to be a very important problem for the health and
safety of workers, and environmental pollution. In addition,
although the use of catalysts for organic transformations has sev-
eral advantages, usually these processes need extra steps for pro-
ducing the catalyst or removing the catalyst from the reaction
medium. For this purpose, many reactions are designed to proceed
cleanly and efficiently in water, in ionic liquids, in green solvents
such as fluorinated solvents and polyols, and under solvent-free
conditions without using catalysts, which are in agreement with
the goals of green chemistry.22 In continuation of our research
toward the development of green organic chemistry using water
as the reaction medium or performing organic transformations
under solvent-free and catalyst-free conditions,23 herein we report
an efficient, novel, and environmentally benign procedure for the
synthesis of a-phthalimido-a0-dithiocarbamato propan-2-ols via
the catalyst-free regioselective ring-opening of N-(2,3-epoxypro-
pyl)phthalimide with in situ prepared dithiocarbamic acids in
water.

We began our investigation on the synthesis of N-(2,3-epoxy-
propyl)phthalimide (3) by reacting potassium phthalimide (1)
and epichlorohydrin (2) under solvent-free conditions as described
in the literature.24,25 Next, a one-pot, three-component reaction of
an amine, CS2, and the epoxide (3) was designed for obtaining the
title products. Different reaction conditions were examined for this
process; mixing the amine (2.5 mmol) and CS2 (3 mmol) in water
at room temperature for 0.5 h to give the corresponding dithiocar-
bamic acid and then addition of the epoxide (3) and additional stir-
ring for eight hours represents the optimum conditions
(Scheme 1). No catalyst is needed for this reaction. Although the
reaction gave acceptable yields in organic solvents, the yield was
higher in water in shorter reaction times.

With optimized conditions in hand, the scope of this reaction
was investigated using different primary and secondary aliphatic
amines (Table 1). Secondary amines such as pyrrolidine, piperidine,
dimethylamine, diethylamine, azepine, dipropylamine, diallyl
amine, and morpholine all gave excellent yields. Primary amines
such as propylamine, butylamine, allylamine, cyclohexylamine,
furfurylamine, and benzylamine reacted equally well in this proto-
col. Hindered amines such as tert-butylamine and dicyclohexyl-
amine did not give any products and the starting materials were
recovered. Aromatic amines were not suitable starting materials
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Scheme 1. One-pot three-component route for the synthesis of a-phthalimido-a0-
dithiocarbamato propan-2-ols.
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Scheme 2. Synthesis of bisdithiocarbamate 5.
for this reaction. In addition, N,N-dimethylethylenediamine gave
no reaction under similar conditions.

It has been well demonstrated that the fungicidal activity of a
compound can be improved by increasing the number of dithiocar-
bamate moieties in the structure.4c,4d For this purpose, bis (dithio-
carbamate) (5) was prepared in 80% yield via the one-pot
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three-component reaction of piperazine with carbon disulfide and
epoxide (3) in water (Scheme 2).

Having successfully synthesized a,a0-substituted propan-2-ols,
we focused our attention on the removal of the phthalimide group
to give the a-amino a0-dithiocarbamato propan-2-ols. For this pur-
pose, we tried to remove the phthalimide group using the Ing-
Manske exchange reaction,27 but no desired product was obtained.
An alternative protocol was applied for this reaction using NaBH4

in isopropanol (Osby method).28,29 We found that under these con-
ditions, the desired product (6) was obtained in 30% yield along
with other inseparable products (Scheme 3). The target compound
(6) could furnish bisdithiocarbamate of glycerol with a sulfur atom
in position 1 and nitrogen atom in position 3.4a,4b

In addition, we attempted to synthesize an a-phthalimido a0-
thiopropan-2-ol via the reaction of (4i) with piperidine under sol-
vent-free conditions at 80 �C (Scheme 4).9a Although the thiourea
(7) was obtained in pure form,30 unfortunately we did not obtain
the corresponding a-phthalimido a0-thiopropan-2-ol.

In conclusion, we have described a novel, simple, and highly
efficient procedure for the synthesis of 3-(1,3-dioxoisoindolin-2-
yl)-2-hydroxypropylalkyl carbamodithioate derivatives via a one-
pot, three-component reaction of an amine, CS2, and epoxide (3)
in water under catalyst-free conditions. High yields, simple reac-
tion conditions, and completely regioselective reactions are advan-
tages of this process. Water may play a dual role as the solvent and
the catalyst in this reaction by activation of the epoxy group via
hydrogen bonding. In addition, the presence of the phthalimide,
dithiocarbamate, and alcohol functionalities in these compounds
may have synergic effects to provide a new family of compounds
with interesting biological activities in agriculture or pharmaceuti-
cal industry.
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